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Abstract. The relationship between local meteorological
conditions and the surface ozone variability was studied by
means of statistical modeling, using ozone and meteorolog-
ical parameters measured at Lovozero (250ma.s.l., 68.5◦N,
35.0◦E,KolaPeninsula)fortheperiodof1999–2000. There-
gression model of daily mean ozone concentrations on such
meteorological parameters as temperature, relative humidity
and wind speed explains up to 70% of day-to-day ozone vari-
ability in terms of meteorological condition changes, if the
seasonal cycle is also considered. A regression model was
created for separated time scales of the variables. Short-
term, synoptical and seasonal components are separated by
means of Kolmogorov-Zurbenko ﬁltering. The synoptical
scale variations were chosen as the most informative from
the point of their mutual relation with meteorological param-
eters. Almost 40% of surface ozone variations in time peri-
ods of 11–60 days can be explained by the regression model
on separated scales that is 30% more efﬁcient than ozone
residuals usage. Quantitative and qualitative estimations of
the relations between surface ozone and meteorological pre-
dictors let us preliminarily conclude that at the Lovozero site
surface ozone variability is governed mainly by dynamical
processes of various time scale rather than photochemistry,
especially during the cold season.
1 Introduction
Surface ozone levels and its changes are of great interest
since harmful effects of O3 and positive trends of its concen-
tration were established at a number of northern hemispheric
locations (Scheel et al., 1997; Roemer, 2001). Since many
processes are affecting the ozone concentrations, it is difﬁ-
cult to isolate long-term ozone changes connected to changes
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in the chemical composition of the atmosphere from changes
driven by meteorological processes of different time scales
from global climate changes to local processes of ozone gen-
eration and destruction in the frontal systems.
Chemical ozone generation and deposition on the surface
are known to be strongly affected by meteorological con-
ditions. For example, ozone levels tend to be higher un-
der hot, sunny conditions favorable for photochemical ozone
production in the presence of precursors. At the same time
higher temperatures cause convection to develop, which in
turn can enhance vertical ozone transport. Conversely, wet,
rainy weather with high relative humidity is typically asso-
ciated with the low ozone levels provided by less intensive
photochemical production and, possibly, by ozone deposi-
tion on water droplets (Lelieveld and Crutzen, 1990). Windy
weather can inﬂuence ozone concentration near the surface
in a different way. In particular, strong wind reﬂects the in-
creased intensity of the vertical transport. If the boundary
layer acts as a source of ozone due to chemical generation,
the growth of the wind speed leads to the decrease of ozone
concentration because of the vertical mixing. Conversely, if
the ozone chemical budget in the boundary layer is negative,
vertical transport transfers ozone-rich air from aloft down-
ward, and surface ozone concentrations correlate positively
with the wind speed.
An investigation of the inﬂuence of local meteorological
conditions on the surface ozone for a particular site through
in situ photochemistry, deposition and local vertical transport
by convection is complicated by large-scale horizontal ad-
vection. Air masses with different history possess different
ozone concentrations. For example, Moody et. al., (1995)
found that up to 50% of spring-time surface ozone day-to-
day variations on Bermuda can be explained by changes of
transport patterns. Also it was shown that the long-range
transport patterns changes may be responsible for surface
ozone trends in the remote regions (Tarasova et al., 2003).
At Lovozero, differences in transport patterns explains up to
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30% of ozone variability, with highest ozone values associat-
ing with ozone transport from industrial areas from south-
west and lowest values associating with Artic air masses
from North-East (Karpetchko et al., 2001).
Although the relationship between some meteorological
parameters and surface ozone has been statistically estab-
lished for some sites, both in urban and remote conditions
(Bloomenﬁeld et al., 1996; Dapeng Xu et. al., 1996, Gardner
and Dorling, 2000), the physical background of the statisti-
cal results is not completely understood yet. Among widely
used statistical models the multilayer perception (MLP) neu-
ral network, linear regression and regression tree can be men-
tioned (Gardner and Dorling, 2000 and references therein).
While MLP models are mostly used for the forecast aims and
have low physical background, regression models are well
deﬁned in physical terms and allow the possibility to investi-
gate impacting processes. The ﬁrst attempt to use separated
scales for modeling was made by Flaum et al. (1996), who
used the separated seasonal component of ozone variations
for a regression model creation on the basis of air tempera-
ture and dew point temperature dependence.
In this paper we present results of the investigation of me-
teorological effects on the surface ozone time-series from the
site located in the northwestern part of Russia. Both the re-
gression analysis of the original deseasonalized data and sep-
arationofthetimescaleswereapplied. Decomposition ofthe
original data into the different time scale components iso-
lates the periods which contribute mostly to the bulk corre-
lation. This information is important for a better understand-
ing of the processes underplaying the statistical relationships
between surface ozone and meteorological parameters. The
results presented here could also be of importance for the
construction of a regression model of surface ozone varia-
tions.
2 Measurements
The Lovozero site (250ma.s.l., 68.5◦N , 35.0◦E) is located
on the Kola Peninsula plateau on the bank of Lake Lovozero.
The site was operating in the frames of European project
TOR-2 (Tropospheric Ozone Research). Lovozero is sit-
uated away from strong anthropogenic pollutant sources.
Only a slight inﬂuence of the industrial towns of Apatity or
Monchegorsk located at the distances of 80km to the south-
west or 120 km to the west, respectively, is possible. This
inﬂuence is very small during the warm periods when north-
ern and eastern winds are prevailing. The Lovozero site is
situated in the tundra region so VOC emission is also weak
(Guenther et al, 1995; Guenther et al, 2000).
The climate of Kola Peninsula is speciﬁc in comparison
with the other regions of Russia located at the same lat-
itude due to its unique position between the Barents Sea
with the hot Gulfstream and big continental areas at the
south. The mean temperature for the period of measure-
ments was +0.9◦C. The coldest registered temperature was
−36.9◦C and the hottest one was +30.5◦C. During the year
the coldest monthly temperatures was observed in January-
February (−10◦–15◦C) while the hottest month was July
(about +15◦C). Relative humidity all year round was about
75–90%. The site surrounding is under the stable snow
cover from late October-early November till the beginning
of May. Snow cover substantially reduces O3 surface depo-
sition (Galbally and Roy, 1980). As a result, O3 deposition
differs strongly between summer and winter.
Prevailing wind directions at the site location are Northern
(0 Degrees), South-Eastern (150 Degrees) and North-West-
Western (285 Degrees).
The main features of the local meteorological conditions
are determined by the site position north of the polar cycle so
there polar day (June-mid July) and polar night (December-
mid January) are clearly observed. The temperature inver-
sions are quite rare during summer months and occur often
in winter causing weaker ozone destruction near the ground
in summer than in winter. As the natural and anthropogenic
emissions are low, in situ ozone production in the area sur-
rounding the site is low.
Measurements of the surface ozone concentration were
carried out in Lovozero since January 1999 up to the present.
For the measurements DASIBI 1008-AH analyzer with auto-
matictemperatureandpressurecorrectionswasused. Thein-
strument was calibrated againstthe reference generator ofthe
Laboratory of Ecological Control (St. Petersburg in 1998)
and cross examined with DASIBI 1008-RS instrument. The
calibration data was also veriﬁed by the similar instrument
operating at the Russian ozone measuring network and by
the instrument used in the international experiment TROICA
(Crutzen et al., 1998). The sample uptake was 10 seconds,
and the stored data resolution was 1 min, from which hourly,
daily and monthly averages were calculated.
The standard meteorological parameters with the standard
resolution of 3 hours were provided by Lovozero meteoro-
logical station situated on the same Kola plateau. These
include temperature, relative humidity, wind speed and di-
rection, and precipitation. Wind direction data are avail-
able only since May 2000, so they were not included in the
analysis procedure. The meteorological data were provided
by Russian Hydrometeorological Service and station itself
is included in Russian governmental meteorological network
which supports a high quality of meteorological data.
In this paper the measurements of the surface ozone con-
centration from January 1999 to November 2000 were used
for analysis. During this period there is a gap in data (De-
cember 1999) when the device was out of service. On the ba-
sis of the measurements several papers presenting the main
features of temporal variability of the surface ozone at the
site were prepared and published (Arabov et.al., 2000; Elan-
sky et.al., 2001; Arabov et. al., 2002). Among the most in-
teresting features the bimodal structure of hourly mean his-
togram can be mentioned (Fig. 1). Such a structure in the
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Figure 1. Normalized histogram of daily mean surface ozone concentrations at Lovozero site for 
the period 1999-2000 (the Gaussian approximating functions are presented by dot lines and their 
sum is solid line).  
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Fig. 1. Normalized histogram of daily mean surface ozone concen-
trations at Lovozero site for the period 1999–2000 (the Gaussian
approximating functions are presented by dot lines and their sum is
solid line).
concentration distribution can be partly related to the local
conditions like polar days and nights and inversions absence
at Lovozero site. Nevertheless the shape of the histogram re-
mains bi-modal if daily and night conditions are separated.
The changes from one regime to another probably can be at-
tributed to the snow coverage. Histograms of hourly mean
concentrations for the subsets with and without snow cov-
erage have only one peak. But it should be understood that
“snow” subsets do not contain a full seasonal cycle. There is
no clear explanation of the bi-modal structure yet and addi-
tional study of this phenomenon is necessary.
The maximum hourly mean ozone value for the analyzed
period was 59ppbv and the minimal value was 9 ppbv. The
mean value of the surface ozone concentration was 26 ±
9ppbv for the period of 1999–2000. The principal feature
of the seasonal variations of the surface ozone concentration
at Lovozero site is the appearance of the spring maximum
in April and minimum in August. The amplitude of the sea-
sonal ozone variations was about 20ppbv (in 1999) and com-
parable with the northern Finland sites (Laurila, 1999). Sim-
ilar seasonal ozone variations are observed at background
European stations. In 2000 at Lovozero the secondary sea-
sonal maximum was observed in summer and the amplitude
of seasonal variations was only 12ppbv. A possible expla-
nation for the observed seasonal variations at the site could
be stratosphere-troposphere exchange. Spatial transport fea-
tures of year 2000 may cause conditions favorable for the
secondary maximum formation but this phenomenon needs
additional study.
Diurnal variations at the site are also typical for back-
ground locations. The highest amplitude of the diurnal vari-
ations is observed during the warm period of the year. Sur-
face ozone concentration reaches its minimum values in the
morning when ozone deposition on the surface under temper-
ature inversions plays an important role. Maximum ampli-
tude of diurnal variations is registered in summer and reaches
10ppbv.
3 Regression for daily mean ozone
In this chapter we present the results of the regression mod-
eling of the surface ozone variations related to the variability
of local meteorological parameters. We chose temperature,
pressure, wind speed and relative humidity as proxies for the
model as they are the only available meteorological parame-
ters. Moreover they are the usual proxies for the regression
models of the surface ozone (Bloomenﬁeld et al., 1996; Roe-
mer, 2001) and characterize main processes driven by local
meteorology like in situ photochemical production, deposi-
tion and vertical transport. Despite the fact that those param-
eters are not completely independent, we will consider the
variables to be complementary because they inﬂuence ozone
through different processes. Surface pressure was also in-
cluded in the model accounting for the synoptic scale ozone
variations connected with the passages of the different syn-
optic systems.
Like ozone there are some of the mentioned meteorologi-
cal variables that have a strong seasonal cycle. Therefore the
seasonal variations were removed from data series before the
regression analysis. To describe the seasonal cycle the tech-
nique proposed by Zvyagintsev et al. (1996) was used. The
annual component was described as a sum of sine and cosine
terms both with the period of 365.25 days. However, the sea-
sonal behavior of ozone is not a pure monochromatic oscil-
lation, so that the semiannual component was also included
into the model ﬁtting of the seasonal cycle. In the ozone
case, the sum of the annual and the semiannual components
accounts for about 50% of the total day-to-day variance of
ozone. The correlation coefﬁcients between deseasonalized
ozone and the meteorological parameters are presented in Ta-
ble 1.
It can be seen that the correlation coefﬁcients of residuals
change during the year. The ozone correlation with temper-
ature is positive and statistically signiﬁcant from winter till
summer and decreases in autumn. The mechanisms driv-
ing this behavior are changes of the ozone deposition on
the surface and intensity of the mixing under different con-
vection conditions, ozone advection by the air masses from
southern directions with possible in situ ozone production.
These mechanisms can account only for summer and partly
for spring correlations while winter relations are not clear
yet. One of the possible mechanisms may be temperature in-
versions associated with low surface temperature and weak
vertical mixing. The correlation of the ozone residuals with
relative humidity is negative during all the seasons except
winter, with the strongest negative correlation in autumn.
The negative correlation could be related to ozone deposi-
tion on water droplets (Lelieveld and Crutzen, 1990). The
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Table 1. Correlation coefﬁcients between the residuals of surface
ozone and meteorological parameters
Correlation coefﬁcients between surface ozone and...
temperature humidity pressure wind speed
Winter 0.48 ± 0.08 0.17 ± 0.10 −0.19 ± 0.10 0.48 ± 0.08
Spring 0.57 ± 0.05 −0.25 ± 0.07 −0.10 ± 0.07 0.09 ± 0.07
Summer 0.47 ± 0.06 −0.17 ± 0.07 0.09 ± 0.08 0.19 ± 0.07
Autumn −0.15 ± 0.07 −0.38 ± 0.07 0.07 ± 0.08 0.52 ± 0.06
Year 0.33 ± 0.04 −0.22 ± 0.04 −0.04 ± 0.04 0.30 ± 0.04
Table 2. Regression coefﬁcients (with errors) and different mea-
sures of regression models effectiveness (R2 and d2) for the residu-
als usage
Temperature Humidity Wind speed R2 d2
Winter 0.16 ± 0.06 − 0.58 ± 0.21 0.27 0.66
Spring 0.70 ± 0.08 −0.14 ± 0.04 − 0.38 0.72
Summer 0.64 ± 0.09 − 0.92 ± 0.30 0.25 0.63
Autumn −0.35 ± 0.09 −0.13 ± 0.05 1.50 ± 0.20 0.37 0.72
Year 0.31 ± 0.04 −0.13 ± 0.02 0.51 ± 0.10 0.17 0.55
correlation of ozone residuals with wind speed changes re-
markably between autumn-winter and spring-summer peri-
ods. In autumn-winter correlation coefﬁcient is about 0.5,
suggesting that ozone in the boundary layer has its origin in
the free troposphere as there are no any signiﬁcant sources
of ozone near the ground. The small correlation coefﬁcients
in the spring-summer mean that vertical gradients of ozone
are weak during this part of the year. The processes asso-
ciated with the wind speed changes are strongly affected by
the site’s position at the latitude where the vertical exchange
is intensiﬁed in the Planetary Frontal Zone and tropopause
folds happen quite often (Beekmann et al., 1997). The cor-
relation coefﬁcient of the ozone residuals with pressure is
seen to be small all the year long. It implies, probably, that
the origin of the synoptical systems is more signiﬁcant than
the systems themselves. For example, anticyclones coming
to Kola Peninsula from the south differ strongly in ozone
response from the arctic ones coming from the north (Kar-
petchko et al., 2001). The separation of the ozone data set in
accordance to the transport patterns may be necessary before
surface pressure dependence can be established.
The stepwise method (which takes into consideration only
the variables changing the total dispersion) for construction
a multiple linear regression of the ozone concentration was
used. The models were created for the complete data set and
for different seasons separately. The results obtained are pre-
sented in Table 2 and Fig. 2. It can be seen that the step-
wise regression method did not include the pressure into any
model as it does not improve the model quality.
 
 
Figure 2. Regression model of daily mean surface ozone on the local meteorological parameters 
(spring of 1999).  
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  Fig. 2. Regression model of daily mean surface ozone on the local
meteorological parameters (spring of 1999).
Two different measures of the effectiveness of the models
are presented in the last two columns of Table 2. The ﬁrst
oneisthedeterminationcoefﬁcient(R2)whichindicateshow
much of variability in the observed data is being reproduced
by model. A more useful measure (Gardner and Dorling,
2000) of the model performance is provided by the “index of
agreement” which is deﬁned as
dα = 1 −
 N P
i=1
|Pi − Oi|α

 N P
i=1
 
|Pi − O| + |Oi − O|
α
 (1)
where Pi and Oi are modeled and observed concentrations.
The index of agreement can be calculated for both α = 1
and 2. Both values of dα are normalized and indicate the ex-
tent that predicted deviations differ from the observed devia-
tions about the mean observed value, indicating the degree to
which model predictions are error free. Statistics d2 is more
sensitive to the model quality than d1 since it is based on
simple differences rather than squared differences..
The regression coefﬁcients for the complete data set are
presented at the bottom of the table. It can be seen that
this model is not very effective because the determination
coefﬁcient reaches only 0.17. Such a low effectiveness of
the model originates, probably, from the fact that processes
governing the relations between ozone and meteorological
parameters differ signiﬁcantly during the year and can even
change sign (see Table 1).
Table 2 shows that the seasonal models ﬁt the observa-
tions better. Meteorological parameters have the strongest
impact on the surface ozone concentration in spring and au-
tumn explaining 38% and 37% of the ozone variance, re-
spectively. The complete model was made as a combination
of the seasonal regressions into one so that the correspond-
ing seasonal regression coefﬁcients KT(si),KH(si),KW(si)
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Figure 3. Correlation coefficients for the separated scales of surface ozone and meteorological 
parameters variations (synoptical periods are shadowed). 
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Fig. 3. Correlation coefﬁcients for the separated scales of surface ozone and meteorological parameters variations (synoptical periods are
shadowed).
with i = 1 ...4 are different for each season. The resulting
model can explain about 32% of the ozone variance. This
shows that seasonal model is almost twice more effective
than the model without consideration of the seasonal depen-
dence of the regression coefﬁcients. The higher effective-
ness of the seasonal model may be explained by the changes
of the prevailing meteorological processes which impact the
surface ozone concentration for the different seasons. Taking
into account the model of seasonal ozone cycle, the surface
ozone concentration CO3(d) can be expressed in the follow-
ing form:
CO3(d) = CO +
X
i
[Ai cos(2πd/T) + Bi sin(2πd/T)]+
K∗
TT(d) + K∗
HH(d) + K∗
WW(d) + R(d), (2)
where C0 is a constant, the sum within parenthesis describes
the seasonal cycle, which includes annual and semiannual
components, KT, KH, KW are corresponding regression co-
efﬁcients with the residuals of temperature T(d), humidity
H(d) and wind speed W(d), and R(d) are ozone residuals
after the regression on the meteorological parameters appli-
cation, and d corresponds to the day of the year. This model
explains about 70% of the total variance of the surface ozone
concentration.
The results of two models with season-dependent and con-
stant coefﬁcients are presented in Fig. 2. To show the capa-
bility of the models to capture day-to-day ozone variations,
three months of the spring of 1999 are presented in the plot.
It can be seen that the model with season-dependent coefﬁ-
cients ﬁts the observations better.
4 Time scales separation
It is of importance to estimate how the relations between sur-
face ozone variations and meteorological parameters change
on different time scales.
Time scale separation can be reached by the application of
different ﬁlters (Randel, 1994; Marple, 1990). It was shown
that the simplest way to reach a suitable degree of time scales
separation is Kolmogorov-Zurbenko (KZ) ﬁltering (Rao et
al., 1997). Other ﬁlters can also be applied (Roemer and
Tarasova, 2002), but they are not so efﬁcient in the wide
range of frequencies. Another advantage of KZ method is
its non-sensitivity to the gaps in the original data sets.
The KZ ﬁlter is based on the running average calculation,
applied to the time series several times. The output of the
previous step serves as an input for the next step. Repeated
application of the ﬁlter provides the necessary noise suppres-
sion. The details of the ﬁlter characteristics can be found in
Rao et al.(1997).
To indicate the most informative part of the spectrum,
which provides the maximum response in the ozone con-
centration on the meteorological conditions changes, the fol-
lowing procedure was applied: KZ ﬁltering with the step of
3 points was applied subsequently to the time-series of the
original ozone measurements and to the meteorological pa-
rameters. This yielded several separated data sets. Despite
the high degree of correlation between the separated time
scales of each component, the correlation coefﬁcients of the
separated ozone and meteo parameters change substantially
for each scale. The changes of the correlation coefﬁcients for
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Table 3. “Signal/noise” ratio in the power spectrum of the separated components
Component ozone ln(O3) relative humidity temperature wind speed pressure
Seasonal 9.96 4.52 4.51 13.68 1.92 0.085
Synoptical 3.94 4.42 3.16 5.56 2.68 5.67
Short 2.43 2.92 4.46 1.95 5.01 1.58
the different periods ranges are presented in Fig. 3. The cor-
relations at the longest possible periods present the “natural
correlations” of the seasonal variations. Maximum correla-
tion coefﬁcients in the range of shorter periods are observed
for humidity/ozone relations at the periods of 23–35 days,
temperature/ozone relations at the periods of 47–58 days and
wind speed/ozone relations at the periods of 11–23 days. So
the most informative part of the spectrum from the point of
the mutual correlations between surface ozone and meteoro-
logical parameters lays in the range of the short periods be-
tween 11 days and 2 months. This resulted in the following
approach.
As the time series of the measurements is available only
for 2 years, the following decomposition is applied:
SH(t) = O3 − KZ3,3(O3) (3)
SY(t) = KZ3,3(O3) − KZ15,3(O3) (4)
SE(t) = KZ15,3(O3) (5)
where SH(t) represents the short term component with the
periods shorter than 11 days, SY(t) represents the synoptical
scale variations from 11 days to 2 months, and SE(t) repre-
sents the seasonal component. As the daily mean values are
used for the scales separation there are no diurnal variations
included into the short term component.
Thesamedecompositionisappliedtothetimeseriesofthe
meteorological parameters: daily mean temperature, relative
humidity, pressure and windspeed. Theseparated timeseries
of surface ozone are presented in Fig. 4.
To evaluate the quality of separation the ratio of total
power of useful/noise harmonics is estimated. The ratio
shows the part of the energy in the selected range of peri-
ods. The separation is quite poor for most of the compo-
nents as it can be seen in Table 3. This is mainly due to the
short length of the analyzed time series and short time resolu-
tion, which causes strong aliasing and ringing effects in the
analyzed spectra. Comparison of the separation of the log
transformed ozone and non-transformed time-series shows
that the seasonal component can be isolated better by use of
the non-transformed ozone ﬁltering, while for the other com-
ponents the log transformation is preferable. Table 3 also
demonstrates that the best separation of the seasonal compo-
nent is obtained for the parameters with the strong seasonal
behavior like ozone or temperature. Poor separation of the
seasonal component is observed for pressure because of the
small relative value of this type of variations.
Table 4. Correlation coefﬁcients between the separated time scales
of surface ozone and meteorological parameters
correlation coefﬁcients between surface ozone and...
temperature humidity pressure wind speed
Short-term 0.03 ± 0.04 −0.29 ± 0.03 0.05 ± 0.04 0.26 ± 0.04
Synoptical 0.28 ± 0.04 −0.38 ± 0.03 0.07 ± 0.04 0.22 ± 0.04
Seasonal −0.44 ± 0.03 −0.4 ± 0.03 −0.57 ± 0.03 0.61 ± 0.03
Table 5. Regression coefﬁcients for synoptical component and
model effectiveness
temperature humidity wind speed R2 d2
Winter − 0.10 ± 0.09 1.19 ± 0.27 0.48 0.84
Spring 0.63 ± 0.07 −0.22 ± 0.04 − 0.42 0.76
Summer 0.61 ± 0.01 −0.11 ± 0.04 0.22 ± 0.30 0.36 0.72
Autumn −0.52 ± 0.09 −0.12 ± 0.07 1.92 ± 0.26 0.45 0.78
Year 0.28 ± 0.04 −0.21 ± 0.03 0.44 ± 0.12 0.22 0.59
5 Regression model for the synoptical component
The correlation coefﬁcients between the separated compo-
nents (Table 4) were compared with the ones obtained for the
residuals in chapter 3. Obviously the highest correlations are
observed between the seasonal courses of the separated com-
ponents. Note that the correlations between ozone and tem-
peraturefortheshortandsynopticalcomponentsarepositive,
and correlation coefﬁcient is negative for the seasonal com-
ponents. The correlation coefﬁcients of the seasonal ozone
component and meteorological parameters are substantially
higher than for the annual residuals.
The regression model for the synoptical ozone component
was created as a new approach to investigate the processes of
selected time scale. The ﬁltered ozone, temperature, humid-
ity, wind speed and pressure time-series were used in this
model. All of the parameters were processed by the same
algorithm. As in the modeling of the residuals the model
was compiled with seasonally dependent and independent re-
gression coefﬁcients. The results of modeling are shown in
Fig. 5. The effectiveness of the models is presented in Ta-
ble 5.
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Figure 4. Separation of the surface ozone time series. 
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Fig. 4. Separation of the surface ozone time series.
 
 
Figure 5. Regression models application for the ozone synoptical component. 
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  Fig. 5. Regression models application for the ozone synoptical component.
There is a very weak dependence of the synoptical scale
ozone on temperature in winter and most of the variability is
caused be the wind speed changes. This relationship is much
stronger than in simple regression and the mechanism of this
relation is described below. The dispersion is reduced nearly
by a factor of two.
The regression coefﬁcients are very similar for the simple
and synoptical scale regressions in spring. In summer the
humidity impact is much stronger for the separated scales,
while the wind speed inﬂuence of the synoptical ozone com-
ponent is much weaker in comparison with the simple liner
regression on the residuals. In autumn the temperature
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coefﬁcient in the separated scales is larger and negative as
well as in the simple regression model. This coefﬁcient is
statistically signiﬁcant and very close in value for the sepa-
rated scales and the simple regression model in summer and
spring. Using the non-seasonal regression of synoptical scale
ozone variations can explain 22% of the variability. Appli-
cation of the seasonal regression shows that meteorological
parameters can explain 42% of the synoptical scale variabil-
ity of the surface ozone.
Comparison of the created regression models shows the
following interesting features. The use of the separated
scales is 30% more effective than application of the simple
regression on the deseasonalized ozone time series. This is
probably connected to the fact that the residuals contain not
only the synoptical component, but also the short term one.
It can be supposed that in the selected range of periods (11–
60 days) one of the most important mechanisms providing
strong relation of the surface ozone variability with the mete-
orological parameters is Rossby and longer Waves. This type
of planetary waves was registered in total ozone (Khrgian
and Kuznetsov, 1981). Planetary waves provide the changes
of the vertical ozone gradient in the lower troposphere which
may inﬂuence in the surface ozone variations. The spectral
analysis of the synoptical components of ozone and meteo-
rological parameters showed the main period of about 20–
25 days. These periods coincide with the Rossby and some
other long waves periods. Relation of parameters in the re-
gression model may be described by the following scheme:
in the boundary layer of the atmosphere temperature rises
adiabatically in descending air that is enriched with ozone
and has low humidity during the wave passage. This way the
air parcel reaches the surface with higher temperature, higher
ozone concentration, higher wind speed and lower humidity.
Additional study is necessary to conﬁrm proposed mecha-
nism.
6 Conclusions
In the paper the possibilities of the description of surface
ozone variability in terms of the empiric regression models
on the local meteorological parameters are discussed. Two
different approaches to the regression models creation are
compared. The ﬁrst one is based on the usage of deseasonal-
ized time series of the surface ozone concentration and local
meteorological parameters for the regression modeling. The
second approach is based on the separation of time scales by
means of KZ ﬁltering technique with subsequent regression
model creation for the selected time scale.
On the basis of the proposed methods some of the mech-
anisms of the physical relations between surface ozone and
meteorological predictors were clariﬁed. Time scales sep-
aration allowed to estimate the contribution of some mecha-
nisms to the surface ozone variability and to ﬁnd out the most
effective periods of mutual correlations. Such an approach
gives the possibility to investigate the spatial and temporal
structure of different processes contributing to the surface
ozone variability.
The regression model of the ozone residuals after the sub-
scription of the seasonal variations as parametric functions
let us explain about 30% of the surface ozone variability on
the basis of the local meteorological condition changes. The
model including seasonal cycle can explain up to 70% of the
surface ozone variability. At the same time it should be kept
in mind that physical mechanisms driving the seasonal cycles
of surface ozone and meteorological predictors can be differ-
ent and this approach doesn’t demonstrate really physically
grounded relations.
As a second approach the time scale separation was ap-
plied. It was demonstrated that the highest correlation in the
range of the short periods is observed between 11 days and
2 months. Three components separation for ozone and lo-
cal meteorological parameters (temperature, relative humid-
ity, pressure and wind speed) was performed. The synoptical
scale variations were chosen for the regression modeling as
the most informative in the cross correlations of the surface
ozone variations and local meteorological parameters.
The regression model of the synoptical scale ozone com-
ponent on the meteorological parameters can explain about
40% of variability in terms of local meteorological condition
changes of the same time scale. This model is 30% more
efﬁcient than the one on the basis of residuals since the re-
lation between parameters is provided mainly by one sepa-
rated process. This fact shows that at selected range of peri-
ods about 40% of surface ozone variability at remote site is
driven by the processes having similar responses to meteoro-
logical variables.
Quantitative and qualitative estimations of the relation be-
tween surface ozone and meteorological predictors let us
preliminarily conclude that at least at a certain location
(Lovozero site) surface ozone variability is governed mainly
by dynamical processes of different time scales rather than
photochemistry, especially during the cold season .
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